Abstract: Japanese macaques bred indoor for laboratory use often show chronic anorexia and intermittent vomiting. In some of our macaques gastric air was observed on physical examination, and we suspected abnormality of gastric motility. We therefore performed contrast radiographic examinations of the gastrointestinal tract without anesthesia of 8 macaques with gastrointestinal symptoms and 9 asymptomatic controls from the same laboratory. Changes of abdominal radiography over time were observed following oral administration of contrast medium. In all control animals, contrast medium had completely passed from the stomach within 150 min after administration. However, all animals with gastrointestinal symptoms retained some contrast medium in the stomach. Gastric emptying time of contrast medium was associated with excessive gastric air in Japanese macaques; therefore, gastric emptying time seems to be associated with decreased gastric motility.
Gastrointestinal diseases such as vomiting, anorexia and diarrhea are commonly observed in laboratory primates [8] . Laboratory primates are used as models of human gastrointestinal disease, but studies of gastrointestinal disease in primates are rare [5, 9, 15, 17] . Gastrointestinal disease has been associated with 31-44% of the deaths reported in primate colonies [10] . For example, acute gastric dilatation (AGD) in macaques, gastric ulcer, and gastric tumor and bezoars in baboons have been reported [2, 7, 8, [12] [13] [14] 16] . Abnormal gastric motility has been suggested as a possible causative factor of AGD, but etiological evidence is lacking [7] . Gastric motility reportedly decreases during events as diverse as lipid absorption and radiotherapy [3, 4] .
The present study used contrast radiography to investigate gastric motility in Japanese macaques (Macaca fuscata) with chronic gastrointestinal disease.
Japanese macaques were individually housed in indoor caging (height, 85 cm; width, 85 cm; depth, 80 cm) in a climate-controlled facility, managed by the Third Animal Center of Nihon University. Temperature in the cages was 22-26°C. Humidity was not controlled, but the air -Note-in each laboratory room was changed 9 times/h using an air conditioning and filter system. Animals had ad libitum access to water, and were supplied with commercial food (Certified Primate Diet 5048; PMI Feeds, Richmond, IN, USA) 3 times/day. We only manage Japanese macaques aged from 1-to 5-years-old at our center. They are introduced following quarantine inspection at 1 year of age from a breeding colony of the Japan Wild Animal Research Center (Kagoshima, Japan), and only healthy animals are brought to our center. Examination of physical condition, blood count, serum chemistry test, parasitic examination (dysentery amoeba, Scolecida egg), and viral tests for antibodies (B virus, simian immunodeficiency virus, filovirus and simian T lymphotropic virus) are performed for all macaques in the center 2 times/year. Macaques used in this study displayed no abnormalities in any of these examinations. In addition, all animals in the center are allowed 90 min, once a week, in a play room where they can relax freely. The cardinal symptoms shown by the macaques were intermittent anorexia and vomiting, and most cases displayed retention of air in the gastrointestinal tract as diagnosed by abdominal palpation. Symptoms did not progress after becoming clinically apparent. There were ten macaques (10%) that presented gastorointestinal symptoms between 1999 to 2008. We gave metoclopramide and dimethicone to macaques with gastric symptoms, but the effect was temporary.
The present study examined 8 animals with gastrointestinal symptoms, from 2-to 4-years-old, and 9 asymptomatic healthy animals as controls, from 1-to 3-yearsold. All gastrointestinal contrast radiography was performed without anesthesia. The macaques were fasted for 12 h before radiography and 3 ml/kg of 75% barium sulfate was orally administered. The animals were very cooperative; therefore, we were able to administer the contrast medium without tools for restriction.
Radiography was performed just before and at 0, 20, 60, and 150 min after contrast medium administration. The scan direction was ventrodorsal, right lateral and left lateral.
In almost all gastrointestinal symptom cases, gas was confirmed in the stomach, but no other abnormalities were recognized on plain abdominal radiography. Contrast medium was retained in the stomach in all abnormal and normal cases just after administration (0 min). At 20 min, excretion of contrast medium from the stomach was confirmed in 4 of 9 control animals (N-63, 96, 99, and 101). However, only 1 of 8 animals with gastrointestinal symptoms (N-87) displayed excretion of contrast medium from the stomach. At 60 min, 7 of 9 controls (N-63, 81, 94, 96, 99, 100, 101) showed excretion from the stomach, compared to only 4 of 8 symptomatic animals (N-59, 83, 85, 98) . At 150 min, in almost all medium symptomatic animals, contrast medium was still present in the stomach, even if some contrast symptoms had advanced out of the stomach (Table 1) . One animal (N-43) with gastrointestinal symptoms displayed no excretion from the stomach at all (Fig. 1A) . All control animals displayed complete excretion of contrast medium from the stomach, and in most animals contrast medium had arrived in the colon by 150 min (Fig. 1B) .
Contrast radiography is a general examination for gastrointestinal disease in animals. This examination provides a great deal of information about gastrointestinal function. Investigation of gastric-emptying time using contrast medium has been reported as an inspection of gastric motility in non-human primates by a non-invasive method [5, 11] . AGD is suspected to involve abnormal gastric motility, and has been reported in dogs, monkeys, horses, ruminants, pigs, cats, foxes, mink, rabbits, nutrias, guinea pigs, rats, mice, and humans [16] . Transportation of gastric contents involves interplay between the nervous system and internal secretion mechanisms [6] . Gastric hypomotility following surgical vagotomy with or without accompanying gastric resection, diabetes mellitus with visceral neuropathy, gastrointestinal pseudo-obstruction, gastroesophageal reflux, systemic sclerosis involving the gastrointestinal tract, gastric ulcer and gastritis have all been reported in humans [1] . Pneumophagia, air producing bacteria, and decreases in gastric acid secretion have been reported as causes of gastric air retention [7] .
The gastrointestinal cases examined in the present study were not as severe as those in disease states such as AGD. Our cases presented with symptoms of anorexia, intermittent vomiting and chronic gastric air. For the most serious case (N-43), gastric excretion of contrast medium was clearly delayed. This case was diag-nosed with pylorus hypertrophy by pathological examination.
Gastric motility is inhibited by sympathetic stimulation. Inhibition of pylorus motility in the normal situation is caused partially by the sympathetic nervous system. Sympathetic activity becomes remarkable under stressful conditions, and the gastric emptying time increases. Consequently, gastric air is retained. We were 
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able to observe the gastric emptying time using contrast radiography of the gastrointestinal tract. Gastric motility can be decreased by various causes, e.g., autonomic disturbance [16] . We observed the stress behavior of pulling hair in cases (N-43, 83, 84, 85, 87, 98) that showed frequent gastric air and vomiting. Abnormality of the autonomic nervous system thus seems likely to have contributed to gastric hypomotility in these cases.
There are some reports of gastric emptying time for monkeys, but we could find no report of observation of gastric emptying time without anesthesia [7, 9, 11] . We were able to confirm normal gastric motility in the macaques which showed no stress behavior.
Gastrointestinal contrast radiography clearly suggested gastric hypomotility in the animals presenting with chronic gastrointestinal disease.
